The aim of this study was to describe, for the first time, the microscopic characteristics of Piper mosenii C. DC. (Piperaceae) leaves and the phytochemical composition of the aerial parts of the species grown wild in Brazil. Macroscopic analysis of the leaves was made with naked eye and supplemented with stereomicroscopy. The leaves showed similar venation than observed for other Piper species, but with a greater amount of colenchyma cells. The absence of endoderm was observed in the cross section of the leaf, which is a characteristic not reported for other Piper species. The phytochemical investigation resulted in the isolation of four benzoic acid derivatives (1-4), two chromanones (5, 6) and a dihydrochalcone (7). Compound 6, 2,2-dimethyl-6-carboxychroman-4-one acid is being described for the first time in Piperaceae, and the compound (4) 3-(1'-oxo-3'-methyl-2'-butenyl)-4-methoxy-benzoic acid is being reported for the first time in the literature.
Piper is the largest genus in Piperaceae family, with about 1000 species distributed in both hemispheres. These species are erect or scandent herbs, shrubs or infrequently trees [1, 2] . Several species of the genus Piper are used in folk medicine and presents a high economic importance, especially due the oil content in their structures [3] . Piper species have been widely investigated as promising sources of secondary metabolites with biological activities as anti-Trypanosoma cruzi [4] , anti-leishimania [5, 6] , anxiolytic [7] , anticonvulsant [8] , anti-inflammatory [9, 10] , antitumor [11] , analgesic [10] , antimicrobial [12] , insecticidal [13] and antifungal [14, 15] .
Phytochemical investigation of different Piper species have shown the occurrence of several bioactive compounds such as amides, alkaloids, flavonoids, tannins, saponins, glycosides and terpenoids [16] . Piper species have shown a close structural similarity. Differentiation of some species represents a taxonomic challenge and there are few anatomical studies for the genus [3] . The correlation of these analysis is important for the unequivocal identification of the species.
Piper mosenii C. DC., popularly known as pariparoba, is present in southeastern and southern Brazil. It is a shrub with a height between 1 and 2 meters, has thin branches, hairy internodes with 2-4 cm lengths. Its leaves are thin-petiolate [17] . P. mosenii identification is based on its macroscopic characteristics, since there are no reports of its microscopic description in the literature. It leaves have similar characteristics when compared with P. aducum and P. gaudichaudianum, however, the species can be differentiated by their phytochemical and microscopic constitution. Bernuci et al. [18] described for the first time the chemical composition of P. mosenii essential oil, which can be characterized by the expressive presence of oxygenated sesquiterpenes. Differing from the essential oil of P. aduncum, predominantly composed of sesquiterpene hydrocarbons. The essential oil of P. gaudichaudianum presents as major components the dillapiole (>60%) and humulene (10%) [19] .
To help the specie differentiation, this study aimed to describe the microscopic characteristics of Piper mosenii leaves. Additionally, for the first time, a phytochemical study was conducted with P. mosenii aerial parts.
The P. mosenii leaves (Figure 1 ) presents oblong contour, acuminate apex, cuneate base, smooth margin and pinnate venation with size of 10 a 15 cm in length and 3 to 5 cm in width, with small variations between samples. The aerial parts of P. mosenii were firstly descripted by Guimarães & Valente [17] and Candolle [20] . The macroscopic characteristics are according to results of the present study, i.e., thin, petiolate and lanceolate leaves. Primary vein presents at the base three vascular bundles, which reduces to one bundle in the middle and apical regions (Figures 2a  and 2b ). The number of bundles is similar to that found in P. aduncum [3] and different from P. gaudichaudianum, which has eight vascular bundles [21] . In the primary vein (Figure 2c ), a greater amount of collenchyma cells were observed in P. mosenii than in P. gaudichaudianum species, justifying the stiffness of leaf.
In the abaxial epidermis of the P. mosenii primary vein are found filiform multicellular trichomes. Acicular and prismatic crystals are present in the parenchyma cells ( Figure 2d ).
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Zermiani et al. The leaves show mesophyll with spongy parenchyma with four to six layers of cells and uniestratified palisade parenchyma (Figure 3a and b). In both faces of the leaf one or more subepidermal layers of parenchymatic nature occur. This structure is described for other Piper species and defined as hypodermis [21] . On the adaxial surface were found unicellular secretory structures, whose secretion product should be the essential oil, as already described for the species P. gaudichaunianum [21] and P. hispidinervium [22] . Figure 3b ) as observed in other species of the genus. In the cross section analyzed, only the presence of the epidermis is observed (Figure 3b ). The absence of endoderm is a characteristic not reported for Piper species such as P. aduncum and P. gaudichaunianum. Trichomes, generally observed in Piperaceae, are present on the abaxial side of the leaf, being more concentrated in the primary vein (Fig 2a, c and 3c, e, f) . The species shows a greater proportion of multicellular tectonic trichomes, unisseriate and filiform (Figures 2a, b and 3e) . Multicellular glandular trichome with unicellular secretory extremity (3c) and unicellular glandular trichome containing crystal (Fig 3f) were also found. Trichomes descript in the P. mosenii species are similar to those reported for other Piper species [3, 21] .
P. mosenii leaves show oil cells (
The adaxial and abaxial surfaces were analyzed using the technique of epidermic printing with adhesive to observe the stomata presence. The leaves are hypostomatic. Anomocytic and tetracytic stomata were observed only on the abaxial surface (Figure 3d ), being this a common feature in Piperaceae.
Conventional chromatographic procedures of Piper mosenii extracts resulted in the isolation of four benzoic acid derivatives (1-4), two chromanones (5, 6) and a dihydrochalcone (7) . All the structures were elucidated based on spectrometric evidence using NMR and IR spectrum.
Compound 1, identified as a benzoic acid derivative named methyl-3-(1'-oxo-3'-methyl-2'-butenyl)-4-hydroxy-benzoate, and compound 5, 2,2-dimethyl-6-carboxychroman-4-one methyl ester, have already been isolated from P. taboganum and exhibited significant repellent activity of the cutter ant Acromyrmex octospinosus, which suggests an effective natural defense against these insects [23] . Compound 2, 3-(1'-oxo-3'-methyl-2'-butenyl)-4-hydroxy-benzoic acid, also known as taboganic acid, was isolated from P. dilatatum that also showed the presence of compound 1 and 5. These three compounds showed antifungal properties against Cladosporium cucumerinum in the direct bioautography test in TLC plates [24] . Compound 3, identified as methyl-3-(1'-oxo-3'-methyl-2'-butenyl)-4-methoxy-benzoate was previously isolated from P. aduncum and compound 7, identified as 2',6'-dihydroxy-4'-methoxydihydrochalcone was isolated from P. mollicomum. Both compounds showed activity against Cladosporium cladosporides and C. sphaerospermum [25, 26] . Compound 7 was also isolated from P. aduncum and P. elongatum, and showed antibacterial and anti-leishmanial activities [27, 28] .
The compound 6 is a derivative of 5, denominate 2,2-dimethyl-6-carboxychroman-4-one, and for the first time has been reported in Piperaceae family. Previously, this compound was isolated from Chrysothamnus viscidiflorus [29] .
Compound 4 was identified as 3-(1'-oxo-3'-methyl-2'-butenyl)-4-methoxy-benzoic acid. The 1 H NMR and 13 C NMR spectrum are similar to the compound 3 except for the absence of the signal at δ 3.85 (3H, s) in 1 H NMR and δ 52.2 at 13 C NMR ( Table 1 ). The FTIR spectrum showed absorption bands with maximum intensity Characterization of Piper mosenii Natural Product Communications Vol. 14 (1) 2019 69 at 3537 cm -1 , referring to the axial deformation of the OH group. In 1684 and 1642 cm -1 was observed two absorption bands referring carbonyls, confirming carboxylic acid group. This compound has been described for the first time in literature. The 1 H NMR and 13 C NMR spectral data for compounds 1-6 isolated from P. mosenii are presented on Table 1 . The chemical shifts of compounds 1-3 and 5-6, were in agreement with those previously reported [23-25, 27, 30] .
Experimental

General Experimental Procedures:
The infrared spectra (IR) were recorded on a Bohmen MB100 spectrometer (KBr film).
1 H (300 MHz) and 13 C (75.5 MHz) nuclear magnetic resonance (NMR) spectra were obtained on a Varian Gemini AC 300 Spectrometer in acetone-d as solvent, with tetramethylsilane (TMS) as internal standard. The chemical shifts are given in  (ppm). Silica gel 60 (63-230 mesh) was used for the column chromatography (CC), and silica gel 60 GF254 for the thin layer chromatography (TLC). Macroscopic and microscopic leaf analysis: Macroscopic analysis of the leaves was made with naked eye and supplemented with stereomicroscopy. Leaves for anatomical study were fixed in FAA solution containing 5% glacial acetic acid, 5% formaldehyde and 70% ethanol at room temperature during 48 hours. The slides were prepared from cuttings made by hand, bleached in sodium hypochlorite (2%) for 15 minutes, washed in distilled water, washed in acidified water and again with distilled water. The samples were photomicrographed with a Leica CME optical microscope coupled to a digital camera in 40x and 100x magnitude.
Extraction and Isolation Procedures: P. mosenii leaves and branches (219.72 g) were dried at 40 °C for two days, powdered, and successively extracted with absolute ethanol at room temperature for seven days, than concentrated under reduced pressure at 50 °C. The extract (4.12 g) was subjected to column chromatography (5.0 cm ID) packed with silica gel 60 and eluted with gradient of polarity: n-hexane, ethyl acetate and ethanol. In this procedure were collected 286 fractions and pooled according to TLC profiles. Fraction 40-48 eluted with n-hexane-ethyl acetate 96:4 presented as a white crystal material (8.5 mg), which was identified as 3-(1'-oxo-3'-methyl-2'-butenyl)-4-hydroxy-benzoate, also known as methyl taboganate (1) . Fraction 105-108 eluted with n-hexane-ethyl acetate 85:15 was a white crystal (12.2 mg) identified as 2,2-Dimethyl-6-carboxychroman-4-one methyl ester (5) . The compound methyl 3-(1'-oxo-3'-methyl-2'-butenyl)-4-methoxy-benzoate (3) was isolated as an oil fraction 117-125 (84.3 mg) eluted with n-hexane-ethyl acetate 75:25. In the same elution gradient was isolated 92.2 mg of the compound 2',6'-dihydroxy-4'-methoxy-dihydrochalcone (7), in fraction 136-140 as a yellowish crystal. Fraction 144-147 eluted with n-hexane-ethyl acetate 70:30 was a white crystal (24.2 mg) identified as the acid form of compound 5, named 2,2-Dimethyl-6-carboxychroman-4-one acid (6) . In the same elution gradient, in fraction 150-154 was isolated the acid form of compound 3 (11.3 mg), the 3-(1'-oxo-3'-methyl-2'-butenyl)-4-methoxy-benzoic acid (4) as a white crystal. Fraction 160-166 eluted with n-hexane-ethyl acetate 60:40 presented an a white crystal, identified as the acid form of compound 1, named 3-(1'-oxo-3'-methyl-2'-butenyl)-4-hydroxybenzoic acid, or taboganic acid (2) .
